Introduction Improvements in the ability to predict pancreatic fistula could enhance patient outcomes. Previous studies demonstrate that drain fluid amylase on postoperative day 1 (DFA1) is predictive of pancreatic fistula. We sought to assess the accuracy of DFA1 and to identify a reliable DFA1 threshold under which pancreatic fistula is ruled out. Methods Patients undergoing pancreatic resection from November 1, 2011 to December 31, 2012 were selected from the American College of Surgeons-National Surgical Quality Improvement Program Pancreatectomy Demonstration Project database. Pancreatic fistula was defined as drainage of amylase-rich fluid with drain continuation >7 days, percutaneous drainage, or reoperation for a pancreatic fluid collection. Univariate and multi-variable regression models were utilized to identify factors predictive of pancreatic fistula. Results DFA1 was recorded in 536 of 2,805 patients who underwent pancreatic resection, including pancreaticoduodenectomy (n=380), distal pancreatectomy (n=140), and enucleation (n=16). Pancreatic fistula occurred in 92/536 (17.2 %) patients. DFA1, increased body mass index, small pancreatic duct size, and soft texture were associated with fistula (p<0.05). A DFA1 cutoff value of <90 U/L demonstrated the highest negative predictive value of 98.2 %. Receiver operating characteristic (ROC) curve confirmed the predictive relationship of DFA1 and pancreatic fistula. Conclusion Low DFA1 predicts the absence of a pancreatic fistula. In patients with DFA1<90 U/L, early drain removal is advisable.
Introduction
Although the mortality of pancreatectomy has improved, one of the most common complications remains pancreatic fistula. Wide variability exists in reported rates of pancreatic fistula, ranging from 2 to 46 %, likely due to variation in definition as well as in surgeon expertise.
1 -3 Recently, the International Study Group on Pancreatic Fistula (ISGPF) established a widely accepted definition for pancreatic fistula (PF) based upon clinical impact or related complications. 4 By standardizing the definition, comparison of pancreatic fistula rates among series is enhanced. Despite numerous studies reporting risk factors for pancreatic fistula, standard evidence-based guidelines for postoperative drain management do not exist.
Initial studies in the early postoperative period revealed that drain fluid amylase on postoperative day 1 (DFA1) is a significant predictor of pancreatic fistula.
5 -10 However, these studies have shown variable results with respect to cutoff levels. Molinari et al. proposed that DFA1>5,000 U/L was a significant predictor of pancreatic fistula. 6 Since this publication, DFA1 values of >4,000, 350, and 100 U/L have been proposed as predictors of clinically significant fistulas. 8 -11 However, these studies were limited by either the retrospective approach, small study populations, and/or the fact that they were single-institution studies. Despite these discrepancies, each of these investigations has confirmed that DFA1 serves as a clinically useful predictor of pancreatic fistula. While DFA1 has been associated with pancreatic fistula, this factor has yet to be evaluated in a large, prospective multiinstitutional cohort, and a reliable cutoff value that can be used in guiding postoperative drain management has not been established. Therefore, the goal of this study was to evaluate the role of DFA1 as an indicator of the absence of pancreatic fistula, using a large national database of patients in the American College of Surgeons-National Surgical Quality Improvement Program (ACS-NSQIP) Pancreatectomy Demonstration Project.
Methods

Data Collection
The ACS-NSQIP is a national, multi-institutional, prospectively collected database established to identify 21 categories of 30-day postoperative morbidity and mortality at participating institutions.
12 -14 ACS-NSQIP was created to provide riskadjustment outcome data to participating hospitals for the purpose of quality improvement. The Participant Use File (PUF) details over 200 Health Insurance Portability and Accountability Act (HIPAA)-protected perioperative variables. Data collection was performed at NSQIP-participating institutions by dedicated Surgical Clinical Reviewers (SCRs) with support and oversight from a nurse coordinator. Descriptions of the qualifications, training, and auditing of data collection personnel, case inclusions criteria, sampling and data collection strategy, as well as variable and outcome definitions are available online in the ACS-NSQIP participant user guide. 13 The Pancreatectomy Demonstration Project (PDP) was established to enhance data collection for pancreas procedures, since NSQIP complication definitions did not adequately capture procedure-specific complications, such as pancreatic fistula and delayed gastric emptying.
Twenty-four pancreas-specific variables classified by operative phase (preoperative, operative, and postoperative) were included to assess the quality of pancreatic surgery. Patients undergoing pancreatic resection at 43 institutions participating in the Procedure-Targeted Pancreatectomy Program (see "Acknowledgment" section) were enrolled in the ACS-NSQIP PDP between November 2011 and December 2012. A complete list of the 24 variables is presented in Table 1 . Pathology data were recorded only during the last seven of the 14-month study period. More than 200 patient variables routinely captured in ACS-NSQIP also were linked with the pancreatectomy-specific variables.
Inclusion and Exclusion Criteria
All patients underwent partial pancreatectomy, including pancreaticoduodenectomy, distal pancreatectomy, and enucleation. Patients who underwent total pancreatectomy were excluded. Only patients with a recorded DFA1, which by default meant that drains were placed at the time of surgery, were included. In addition, patients with missing pancreatic fistula data were excluded.
Data Definition
Pancreatic duct size at the site of the transected pancreas was noted by preoperative imaging or as specified by the surgeon in the operative report. The sizes were categorized as <3, 3-6, and >6 mm, or unknown if not stated. Pancreatic gland texture was classified as soft (normal), intermediate (indurated), hard (firm or fibrotic), or unknown, as noted by the operating surgeon in the operative report. Intra-abdominal drains placed at the time of the initial operation were specified by the surgeon in the operative note and recorded as yes, no, or unknown.
Pancreatic fistula was defined as persistent drainage (a drain output of any measurable volume of fluid on or after post-operative day (POD) 3) of amylase-rich fluid (an amylase content greater than three times the serum amylase activity) in addition to the following: drain continuation >7 days, percutaneous drainage, or reoperation for a pancreatic fluid collection. The attending surgeon also had the option to determine a clinical diagnosis of pancreatic fistula. Clinically relevant pancreatic fistulas included those requiring percutaneous drainage or reoperation as well as those resulting in mortality. Prolonged drainage without the measurement of drain amylase was not considered to be a pancreatic fistula. Postoperative day 1 drain amylase was recorded as the highest chemical amylase level from any drain on POD 1. Drain output volume was not collected. All complications that occurred by 30 days postoperatively were recorded per ACS-NSQIP methodology. 12 
Statistical Analysis
Comparisons of patient demographic and postoperative variables between groups were evaluated using chisquare and unpaired t tests as appropriate. Logistic regression models were performed to analyze potential prognostic factors for pancreatic fistula. Only factors which had a p value <0.10 on univariate analysis were included in the multi-variable model. Receiver operating characteristic (ROC) curves were created based upon previously cited and newly established DFA1 cutoff levels in this study.
On final multi-variable analysis, p values <0.05 were considered statistically significant. Negative predictive value was defined as the proportion of patients without PF among those who had a negative test result. Positive predictive value was defined as the proportion of patients who had PF among those with a positive test result. All statistical analyses were performed using SPSS software (version 21, SPSS Inc., Chicago, IL).
Results
Data Acquisition and Patient Selection
A total of 2,805 patients underwent pancreatic surgery at the 43 institutions enrolled in the ACS-NSQIP PDP. As noted in Fig. 1 , 2,269 patients were excluded. Therefore, the total study population included 536 patients.
Demographic, Pancreatic Fistulas, and Mortality Data
The mean age of the study patients was 62.7 years (range, 19.2 to 94.2 years) with 48.9 % males and 51.1 % females (Table 2) . Mean operative time was 350 min (range, 66 to 1,122 min). Types of resection included 380 pancreaticoduodenectomy (70.9 %), 140 distal pancreatectomy (26.1 %), and 16 enucleations (3.0 %). The most common pathology within the DFA1 
Predictors of Pancreatic Fistula
Results of univariate analysis revealed four significant predictors of pancreatic fistula including BMI greater than 30 kg/m 2 (p<0.012), soft pancreatic gland texture (p<0.001), small pancreatic duct size (p < 0.001), and DFA1 (p < 0.001). Among obese patients, 25.4 % experienced PF. In patients with a pancreatic duct <3 mm, 29.3 % had a PF. In patients with a soft gland texture, a PF occurred in 27.5 %. Multi-variable logistic regression analysis was performed incorporating all variables with p value <0.1 on univariate analysis. In addition to BMI, pancreatic duct size, and gland texture, DFA1, analyzed as a continuous variable, was strongly associated with pancreatic fistula (Table 3) .
Comparison of Patients with Known DFA1 vs. Unknown DFA1
Due to the large number of patients who were excluded secondary to unmeasured DFA1, further comparison between these groups was performed. No significant difference existed in age, gender, diabetes, BMI, smoking status, presence of jaundice, biliary stent placement, neoadjuvant therapy, intraoperative transfusion, or mean operative times comparing patients who did and did not have DFA1 recorded (Table 4 ). In addition, no difference was observed in the incidence of pancreatic fistula between groups [17.2 % (92/536) with known DFA1 vs. 16.0 % (16/2,078) with unknown DFA1; p=0.524].
Correlation Between DFA1 and Pancreatic Fistula Formation Table 5 depicts the sensitivity (Se), specificity (Sp), positive predictive value (PPV), and negative predictive value (NPV) at varying cutoff levels of DFA1. A strong correlation existed between pancreatic fistula and DFA1 (p<0.001), confirmed by the area under the ROC curve (c-statistic) of 0.761 (Fig. 2 , 95 % CI 0.711-0.810). As the DFA1 cutoff value decreased, both the sensitivity and NPV improved. Among multiple DFA1 cutoff values, 90 U/L demonstrated the highest NPV ( 9 8 . 2 % ) . W h e n s u b a n a l y s e s o f t h e 3 8 0 pancreaticoduodenectomy and 180 distal pancreatectomy patients were performed, these cutoff levels were similar. For pancreaticoduodenectomy, the sensitivity and NPV for DFA1 <90 U/L were 95.5 and 97.9 %, respectively. For distal pancreatectomy both the sensitivity and NPV were 100 % for DFA1<90 U/L. For the 16 enucleation patients, the sensitivity and NPV were 100 % for DFA1<2,500 U/L. The incidence of pancreatic fistula at each cutoff level of DFA1 is demonstrated in Fig. 3 . These pancreatic fistula rates at the various DFA1 cutoff levels were similar for the pancreaticoduodenectomy and distal pancreatectomy patients. At DFA1<90 U/L, three of 141 pancreaticoduodenectomy patients (2.1 %) developed a pancreatic fistula whereas none of the distal pancreatectomy (n=23) nor the enucleation patients (n=2) developed a fistula.
Discussion
Pancreatic fistula may significantly prolong a patient's postoperative course and complicate management, increasing the need for antibiotics, drainage of intra-abdominal collections, and/or reoperation. Former studies have investigated factors associated with pancreatic fistula following pancreatectomy, including predictive preoperative risk factors, surgical technique, modified drain regimens, administration of somatostatin, and drain fluid amylase levels.
2 , 5 -11 , 15 -24 Our study uses data from a large multi-institutional collaborative to establish a DFA1 value of 90 U/L, under which pancreatic fistula is very unlikely. This value can be used to guide early drain IPMN intra-ductal papillary mucinous neoplasm Multi-variable logistic regression was performed based on variables identified in univariate analysis with a p value <0.10 *p<0.05, statistical significance removal and provide risk stratification, which may expedite postoperative care and improve outcomes. The concept of early drain removal following pancreaticoduodenectomy was proposed as a method to reduce overall morbidity. 1 A prospective randomized trial by Bassi et al. demonstrated an association between early drain removal (POD 3 vs. POD 5) and a decreased incidence of pancreatic fistula in patients with DFA1<5,000 U/L (pancreatic fistula 1.8 %, drain removal at POD 3 vs. 26.3 %, drain removal at POD 5, p=0.0004). In this study, the timing of drain removal was the strongest independent predictor associated with pancreatic fistula formation. 1 Furthermore, in a prospective non-randomized analysis by Kawai et al., an association of decreased morbidity was observed with respect to pancreatic fistula and intra-abdominal infections when drains were removed early (POD 4 vs. POD 8). When drains were removed on POD 4, the pancreatic fistula rate was only 4 % compared to 23 % when drains were removed on POD 8 (p=0.0038). The duration of drain placement was the only independent risk factor discovered for intra-abdominal infections. 5 Based on these two studies, the current evidence suggests that early drain removal is associated with a decreased risk of pancreatic fistula. The present study adds substantially to the current literature by enhancing the surgeon's ability to understand the risk of pancreatic fistula at each DFA1 cutoff, so that early drain removal can be confidently recommended. However, in the dataset, only 24 % of patients had a recorded DFA1, suggesting that surgeons are not incorporating DFA1 evaluation into their routine Se sensitivity, Sp specificity, NPV negative predictive value, PPV positive predictive value postoperative pathway. This postoperative management strategy is clearly an area with substantial opportunity for future quality improvement. The association between drain fluid amylase level and pancreatic fistula formation has been established in multiple recent series, 8 -11 although these studies were limited by small size, variable pancreatic fistula definition, and primarily single-institution focus. The concept of using DFA1 to predict the presence of pancreatic fistula was initially proposed by Molinari et al., who found that a DFA1 level of 5,000 U/L distinguished high and low risk groups. Although DFA1 5,000 U/L was associated with high sensitivity (93 %), the specificity was low (84 %). 6 Subsequent studies identified lower but more varied DFA1 cutoff values, 4,000 and 350 U/L, providing additional evidence by which to recommend optimal timing of drain removal 8 , 9 (Table 6) . Following these studies, a simple drain removal algorithm was proposed by Nissen and colleagues, in which DFA was evaluated daily in patients who underwent pancreaticoduodenectomy, revealing a NPV of 84 % when DFA1 was<100 U/L. Drains were removed at a mean of 1.8 postoperative days, compared to the standard of 5 days. This algorithm allowed for safe and early drain removal guided by this threshold (<100 U/L). 11 Recently, another single institution study revealed that DFA1<100 U/L was associated with very low risk of pancreatic fistula (sensitivity of 96 % and NPV of 96 %). 10 The present multi-institutional series mirrors the finding that, as the DFA1 decreases, the NPV increases. We observed a high NPVof 98.2 % at DFA1<90 U/L. At a DFA1 of <90 U/ L, 30.4 % of the patients in our cohort (166/536) could undergo early drain removal. A minimal false negative rate of 3.3 % was observed in the group with a DFA1 of <90 U/L. In addition, DFA1 was independently associated with pancreatic fistula controlling for BMI, small duct size, and pancreas texture. The ability of DFA1 to predict pancreatic fistula was low across all cutoff values, with the highest PPV of 37.2 %, respectively, at 5,000 U/L. Thus, DFA1 is not an accurate predictor of the presence of a pancreatic fistula.
Across all potential DFA1 cutoff values, NPV and PPV differed by minimal increments and varied along a continuum. The implications of these small differences in NPV at each cutoff suggest that surgeons should consider the clinical consequences of early drain removal at each level in order to guide management, rather than defining one "ideal" DFA1 value. For example, at a DFA1 threshold of <90 U/L, the surgeon accepts a 3.3 % false negative rate, or 3/166 patients (1.8 %) experience a pancreatic fistula. The DFA1 values should be considered in the context of the individual patient's overall clinical picture and the surgeon's comfort level with small differences in NPV at each cutoff.
A clear strength of the present study was the employment of nationally validated trained SCRs who prospectively entered potential risk factors for pancreatic fistula development using the ACS-NSQIP PDP database. In addition to standard NSQIP variables, a list of pancreas-specific variables was created via the PDP, providing a unique opportunity to study pancreatic resection-related national outcomes and practice patterns (Table 1) . A total of 2,805 cases of pancreas surgery at 43 institutions were recorded in the PDP. This study is the first multi-institutional analysis of low DFA1 as a predictor of the absence of pancreatic fistula using this dataset and confirms its utility for this purpose.
Clear limitations of this study include significant gaps in data collection, which resulted in a large number of patients being excluded. This limitation likely occurred due for several reasons, including that many surgeons did not routinely obtain DFA1 levels. In addition, some surgeons did not utilize drains. We attempted to address this potential for sampling bias by comparing patients we excluded to patients in our final cohort and observed minimal differences. However, the potential for unmeasured differences persists. Secondly, the time that DFA1 was collected was not standardized, and variations likely existed in the assay for amylase across institutions. Finally, this study did not define pancreatic fistula under the exact definition as the ISGPF, and thus, the data is likely not be comparable to other series that use this definition.
As many surgeons did not routinely measure drain amylase level, our study may not have captured all of the clinically silent (grade A) fistulae. Similarly, not all patients with pancreatic fistulas managed only with octreotide, antibiotics, or total parenteral nutrition (grade B fistulas) were captured. Thus, the overall pancreatic fistula rate was likely underestimated. However, the PDP pancreatic fistula definition was consistent across all institutions and was entered by trained clinical nurse reviewers to ensure data reliability. Despite this limitation, the overall pancreatic fistula incidence of 17.2 % is similar to studies that employ the ISGPF definition for grade B and C fistulas. Lastly, the dataset did not include information on pancreatic fistula grade, and thus, conclusions could not be made regarding the association between DFA1 and fistula grade. However, a subanalysis (data not shown) which focused on patients with clinically relevant pancreatic fistulas requiring percutaneous drainage, reoperation, or death resulted in a ROC and c-statistic (0.738) which were very comparable to the overall analysis.
Conclusions
To date, this analysis is the largest prospective multi-center investigation assessing the prognostic ability of DFA1 to rule out pancreatic fistula. Decreasing DFA1 levels were associated with high NPV, with the best results (98.2 %) observed at DFA1 levels <90 U/L. These values may be used to guide early drain removal, potentially avoiding drain-related complications and decreasing pancreatic fistula in patients undergoing pancreatic resection. 
